Background. Human coronavirus NL63 (HCoV-NL63) is a recently discovered human coronavirus found to cause respiratory illness in children and adults that is distinct from the severe acute respiratory syndrome (SARS) coronavirus and human coronaviruses 229E (HCoV-229E) and OC43 (HCoV-OC43).
Coronaviruses are enveloped RNA viruses and are subdivided into 3 groups. Human coronavirus 229E (HCoV-229E) and human coronavirus OC43 (HCoV-OC43) have been recognized since the mid 1960s as causes of upper respiratory disease, including the common cold, and are group 1 and group 2 coronaviruses, respectively. In 2003, a novel coronavirus (SARS-CoV) was identified as the causative agent of the severe acute respiratory syndrome (SARS). Its formal taxonomic status within the coronaviridae is not yet established [1] . Recently, another group 1 human coronavirus, HCoV-NL63, was reported in The Netherlands [2, 3] . In one report, 8 adults and children infected with HCoV-NL63 virus were documented; 3 patients had lower respiratory tract infection, 2 had an unknown clinical presentation, and the others had upper respiratory tract infection. A second report documented the same coronavirus in an 8-month-old boy with pneumonia [3] . One hundred thirty-nine other children and adults with respiratory tract infections whom tested negative for known viral pathogens underwent screening, which revealed the virus in 4 more children. However, a systematic study of the prevalence of HCoV-NL63 infection or its clinical presentation is still lacking. Furthermore, there is little information about the seasonality and clinical role of coronaviruses (other than SARS-CoV) in tropical or subtropical climates.
In 2001 and 2002, we performed prospective clinical None of the viral pathogens tested 374 (63.7)
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and virological studies of children (age, р18 years) with acute respiratory tract infection who were admitted to Queen Mary Hospital (Hong Kong, China). Data on human metapneumovirus (hMPV) infection, influenza, respiratory syncytial virus (RSV) infection, parainfluenza virus infection, and adenovirus infection were reported elsewhere [4] . In the present study, we use the clinical specimens to investigate the role of HCoV-229E, HCoV-OC43, and the newly discovered HCoV-NL63 on childhood respiratory infections.
PATIENTS AND METHODS
Hong Kong Island has a population of 288,371 persons aged р18 years, 84,018 of whom are р6 years old (based on 2001 census data [5] ). Two public hospitals of the Hospital Authority of Hong Kong, Queen Mary Hospital and Pamela Youde Nethersole Eastern Hospital, provide 90% of all acute pediatric hospital care for Hong Kong Island, with an admission ratio of 1:1.65.
We studied a systematic sample of children (age, р18 years) with acute respiratory infection admitted to Queen Mary Hospital during the period from August 2001 to March 2002. All children admitted to Queen Mary Hospital with signs and symptoms of respiratory infection on one fixed day each week (Tuesday) were included in the study. From April through August 2002, study enrollment times were increased to Tuesday and Thursday. All children with respiratory infection were included, regardless of other complaints. Because we had previously documented an association between influenza virus A infection and febrile seizures, children with febrile seizures were also included [6] . Nasopharyngeal aspirate (NPA) specimens were collected for virological testing from all subjects. Two aliquots of the NPA specimen were frozen at Ϫ70ЊC for subsequent molecular testing. At the end of the study, all medical records were reviewed by a pediatrician (S.S.C.). Viral diagnosis. Rapid diagnostic testing for RSV, influenza viruses A and B, adenovirus, and parainfluenza virus types 1-3 was performed with use of immunofluorescent antigen detection and culture, as previously described [4, 7, 8] . hMPV was detected by RT-PCR [4] .
Coronavirus RT-PCR. Total nucleic acid was extracted from 220 mL of the NPA clinical specimen using the QIAamp Virus BioRobot 9604 kit (Qiagen), in accordance with the manufacturer's instructions. The total nucleic acid was eluted in 86 mL of the kit elution buffer and stored at Ϫ70ЊC. cDNA was generated using random hexamers, as described elsewhere [9] . PCR was performed using a set of consensus coronavirusreactive primers, as well as primers specifically designed to amplify HCoV-229E, HCoV-OC43, and HCoV-NL63 [3, 10, 11] .
The consensus primers Coro IN6-7 (forward, 5 -GGTTGG-GACTATCCTAAGTGTGA-3 ; reverse, 5 -CCATCATCAGAT-AGAATCATCATA-3 ) amplified the conserved region of the coronavirus polymerase gene [9] . Two mL of cDNA was added to 50 uL of reaction mixture containing 1ϫ PCR buffer (Roche Diagnostic Manufacturer, Germany), 2.5 mmol/L each primer, 100 mmol/L dNTP (Roche), 3 mmol/L MgCl 2 , and 2.5 U of AmpliTaq Gold polymerase (Roche). Samples were then heated to 94ЊC for 10 min, followed by 40 cycles of amplification as follows: 1 min each of denaturation, annealing, and extension at 94ЊC, 48ЊC, and 72ЊC, respectively, followed by final 10 min at 72ЊC.
RT-PCR was performed in a multiplex format, as described elsewhere [11] with modification [12] . The PCR conditions were the same as those for the Coro IN6 and 7 RT-PCR described above, except that denaturation was for 2 min at 94ЊC, and annealing was for 1 min at 60ЊC. Ten mL of PCR products were analyzed in a 2% (w/v) agarose gel by electrophoresis and stained with ethidium bromide, 0.5 mg/mL. The sizes of the PCR-amplified product for the coronavirus consensus (Coro IN6-7), 229E, and OC43 RT-PCR were 440 bp, 294 bp, and 469 bp, respectively.
A real-time quantitative PCR specific to the N region of HCoV-NL63 was used for specific detection and quantitation in NPA specimens [3] . In brief, 2 mL of cDNA was amplified in a 25-mL reaction containing 0.625 U of AmpliTaq Gold polymerase (Roche), TaqMan buffer A, 0.2 mmol/L dNTP, 5.5 mmol/L MgCl 2 , 0.25 U of AmpErase UNG, 0.8 mmol/L each primer, and 0.4 mmol/L probe. The primer sequences were forward, 5 -AGGA-CCTTAAATTCAGACAACGTTCT-3 ; and reverse, 5 -GATTAC-GTTTGCGATTACCAAGACT-3 . The probe was 5 -6FAM-TGT-TGTTTGGGTTGCTAAG-MGBNFQ-3 .
Reactions were first incubated at 50Њ for 2 min, followed by 95Њ C for 10 min, and they were then thermal-cycled for 40 a One patient with positive results using the coronavirus consensus RT-PCR had undetectable findings with the HCoV-NL63-specific RT-PCR. This specimen (HK696) was confirmed to be HCoV-NL63 using primers to the HCoV-NL63 polymerase 1a region ( figure 3 ). All other specimens that were determined to be coronavirus positive with the consensus primers were also detected by the corresponding type-specific RT-PCR.
cycles (95Њ C for 15 s and 60Њ C for 1 min). Plasmid containing the target was used as a positive control. Quantitative results are expressed as genome copies per reaction. One copy per reaction approximates to 326 copies per 1 mL of NPA. Standard precautions were taken to prevent PCR crosscontamination during specimen extraction and PCR analysis. Positive and negative controls were included in each RT-PCR experiment.
Phylogenetic analysis of HCoV-NL63. PCR-amplified products of the 1a gene [2] were genetically sequenced, and deduced viral sequences were analyzed and aligned with use of BioEdit, version 5.0.9 (http://www.mbio.ncsu.edu/BioEdit/ bioedit.html).
Statistical analysis. HCoV-NL63 loads per reaction were converted to log 10 values and correlated with the days from symptom onset using Pearson correlation. Unpaired t test was used for comparisons between children with high and those with low HCoV-NL63 loads. The x 2 test was used to detect the association between HCoV-NL63 load and the number of pathogens identified. A 2-sided P value of !.05 was considered to be statistically significant. Data on clinical manifestations in patients with HCoV-NL63, influenza A, and RSV infection were analyzed with 1-way analysis of variance, and significant results were further tested with a post-hoc Tukey-Kramer test.
RESULTS
We detected coronavirus infections in 26 (4.4%) of 587 children studied during the 13-month period. Fifteen children (2.6%) were positive for HCoV-NL63 infection, 9 (1.5%) were positive for HCoV-OC43 infection, and 2 (0.3%) were positive for HCoV-229E infection (table 1). For comparison, influenza A virus was detected in 7.7% of patients, RSV was detected in 8.2%, and adenovirus was detected in 7.2%, although some of these children had multiple viruses detected (table 1) . Children aged р6 years accounted for 510 of the 587 specimens studied. From the identification rate of HCoV-NL63 in our representative sample at Queen Mary Hospital, we estimate that 71 children aged р6 years were admitted to this hospital over a 12-month period. With use of the known admission ratio between the 2 hospitals that provide care for 90% of patients on Hong Kong Island, we estimated that 188 children aged р6 years were admitted because of HCoV-NL63 infection, leading to an annual hospitalization rate of 224 hospitalizations per 100,000 population aged р6 years. Table 2 shows the performance of the coronavirus consensus and type-specific RT-PCR. Fourteen patients had cases detected using the consensus coronavirus primers. Genetic sequencing of the PCR-amplified product revealed the infecting virus to be HCoV-NL63 in 7 children, HCoV-OC43 in 5, and 229E in 2. These results were confirmed by the virus type-specific primers in all patients, with the exception of 1 patient for whom the amplified sequence indicated infection with HCoV-NL63 (table 2) . This additional patient's case was confirmed using third primer set targeted at the polymerase 1a region used for phylogenetic analysis. The human coronavirus type-specific primers detected an additional 8 and 4 patients infected with HCoV-NL63 and HCoV-OC43, respectively. Therefore, in total, 15 patients had evidence of HCoV-NL63 infection (table 2) .
HCoV-OC43 infection mainly occurred in the fall and winter months of 2001, whereas HCoV-NL63 infections mainly occurred in the spring and summer months of 2002 (figure 1). The mean age (‫ע‬SD) of the 15 children infected with HCoV-NL63 was months (range, 6-57 months). Three 30.7 ‫ע‬ 19.8 children had no documented fever in the hospital. Two of them had a history of fever at home. One totally afebrile child was hospitalized for stridor. The mean maximum temperature (‫ע‬SD) for the 12 children who were febrile in the hospital was , and the mean total duration of fever 39.3ЊC ‫ע‬ 0.9ЊC (‫ע‬SD) for all children who were ever febrile was 2.6 ‫ע‬ 1.2 days (range, 1-5 days). Most children presented with respiratory symptoms, although 1 child presented with febrile seizure without obvious respiratory infection (table 3) . Chest radiography was performed for 8 patients, but all findings were normal. Five children (35%) had an alternative microbiologic diagnosis (influenza A H3N2 for 3 children, group A Streptococcus species isolated from a throat culture for 1 child with scarlet fever, and Campylobacter jejuni in the stool of a child with upper respiratory infection and diarrhea). One child with influenza A and HCoV-NL63 coinfection also had Escherichia coli urinary tract infection. The 11 children who had HCoV-NL63 as the sole cause of infection and the patient with diarrhea who had respiratory symptoms not explained by C. jejuni infection were compared with age-matched children with influenza A or RSV infection. Children admitted for influenza A had a longer mean duration of fever than did those infected with HCoV-NL63 (table 4) . Children with HCoV-NL63 infection were less likely than those with RSV infection to have lower respiratory involvement (9% vs. 63.6%;
). P p .02 If we excluded patients for whom the presence of other respiratory pathogens was documented, the HCoV-NL63 load in NPA specimens appears to correlate inversely with the time after onset of symptoms ( ) ( figure 2 ). If patients were r p Ϫ0.8 categorized into those with high viral load (у1000 copies/reaction) and low viral load (!1000 copies/reaction), the mean times (‫ע‬SD) between onset of symptoms (defined as onset of fever, if the child was febrile, or as onset of other respiratory symptoms, if the child was afebrile) and specimen collection were and days, respectively ( ). Nei-1 ‫ע‬ 0.6 2.25 ‫ע‬ 0.96 P p .02 ther peak temperature nor duration of fever was found to be significantly different between the 2 groups. Six of 10 patients with HCoV-NL63 as the sole identified pathogen had a high viral load, compared with 1 of 4 children infected with multiple viruses (P not significant). One child with HCoV-NL63 upper respiratory tract infection had positive results of only the consensus primer PCR, so no viral load could be measured.
Phylogenetic analysis of HCoV-NL63 1a gene recovered from 12 patients indicated that these viruses cluster into 2 evolutionary lineages. Both lineages were represented in Hong Kong and appear to cocirculate in the same season ( figure 3) .
The 9 patients with HCoV-OC43 infection had a mean age (‫ע‬SD) of months (range, 14-57 months) (table 33.6 ‫ע‬ 14.5 5). Two children remained afebrile while in the hospital: one was a 28-month-old boy with stridor who never had fever, even while at home, and the other was a 23-month-old girl with known early asthma who presented with exacerbation of asthma and a 6-day history of fever (temperature, у39.4ЊC) before hospital admission. The mean maximum temperature (‫ע‬SD) of febrile children in the hospital was , with a 39.3ЊC ‫ע‬ 0.4ЊC mean total duration of fever (‫ע‬SD) of days (range, 5 ‫ע‬ 2.4 1.5-8 days). The mean duration of hospitalization (‫ע‬SD) for this group of children was days. Chest radiography 2.6 ‫ע‬ 1.5 was performed for 7 patients, and 3 had evidence of infiltrates. One of these children also had evidence of parainfluenza type 1 infection. The discharge diagnoses of the other 2 were viral pneumonia and atypical pneumonia (table 4) .
Two children had HCoV-229E identified in their NPA specimens. One was a 23-month-old girl who presented with rhinitis, cough, and fever and who was found to have acute otitis media and right lower lobe pneumonia during examination. Blood culture subsequently yielded Streptococcus pneumoniae. The other patient was a 13-year-old boy who had a brain tumor and who had undergone renal transplantation, with prolonged fever. Tests of his NPA were positive for HCoV-229E on 3 occasions over the subsequent 3 months. He had minimal respiratory symptoms throughout and had no abnormalities detected by chest radiography.
DISCUSSION
We documented that human coronavirus infection was a significant cause of hospitalization for children aged р18 years, accounting for 4.4% of all admissions for acute respiratory infections. The newly discovered HCoV-NL63 was the most common coronavirus identified and was estimated to be associated with a hospitalization rate of 210.6 hospitalizations per 100,000 population aged р6 years.
A previous study showed that 8.2% of children aged !18 months who were admitted to a Chicago, Illinois, hospital with lower respiratory tract diseases had serological evidence of HCoV-229E or HCoV-OC43 infection [13] . Of these children infected with coronavirus, 59% had pneumonia, 29% had bronchiolitis, and 5.8% had croup. In another study that used an ELISA to detect HCoV-229E and HCoV-OC43 antigen in respiratory tract secretions obtained from 108 children with respiratory infection and 51 siblings, human coronavirus was found in 30% and 29% of the samples from the index children and their siblings, respectively [14] . This high level of detection could be biased by testing during the winter months and by performing tests mostly on specimens that tested negative for Figure 3 . Phylogenetic analysis of the human coronavirus NL93 (HCoV-NL63) polymerase 1a gene region. Phylogenetic trees were constructed by the neighbor-joining method, and bootstrap values were determined by 1000 replicates in MEGA 2.1 (available at http://www.megasoftware.net). Viral sequences generated from this study are in bold. Two complete viral genome sequences, HCoV-NL63 and human group 1 coronavirus associated with pneumonia (human group 1 coronavirus), and other reference sequences were obtained in GenBank (accession numbers AY518894, AY567488-AY567494, NC 005831, and AY675541-675553). Genetic sequences from 4 other patients could not be obtained, because the primers for the polymerase 1a region did not amplify a PCR product of sufficient quantity to allow reliable genetic sequencing analysis.
other organisms. Of the 45 children infected, only 2 children had pneumonia.
HCoV-OC43 and HCoV-229E are reported to have a winter seasonality in temperate regions, and preliminary data on the new HCoV-NL63 from The Netherlands also suggests a winter predominance [2, 10, 15] . In Hong Kong, we found that HCoV-OC43 was predominant in the winter, whereas HCoV-NL63 had a spring-summer peak of activity. There was little cocirculation of these 2 viruses. Our data suggest that the seasonality of coronaviruses in tropical and subtropical regions is not restricted to the winter.
We have described the clinical spectrum of this newly discovered HCoV-NL63 in a cohort of hospitalized children. In addition to causing upper respiratory disease, we found that HCoV-NL63 infection can present as croup, asthma exacerbation, and febrile seizures. The peak age for hospitalization with HCoV-NL63 infection was 2-3 years, which is similar to that for HCoV-OC43 infection. In comparison, the mean ages (‫ע‬SD) of children admitted to the hospital with influenza, hMPV infection, and RSV infection in the same cohort were , , and months, respectively 30.2 ‫ע‬ 22.6 31.7 ‫ע‬ 18.7 19.5 ‫ע‬ 17.2 [4] . In contrast to an earlier report, the majority of children with HCoV-NL63 infection in our study had no major underlying disorders [3] . A coinfecting pathogen was identified in 5 of the 15 children. The child with C. jejuni diarrhea also had symptoms of an upper respiratory tract infection that were not explained by the bacterial infection but were probably attributable to HCoV-NL63. In the other 4 children, the coinfecting pathogen could fully explain the clinical presentation, and it is difficult to comment on the contribution of HCoV-NL63. When age-matched children with influenza A or RSV infection and HCoV-NL63 infection were compared, children with HCoV-NL63 infection had a shorter duration of fever than did those with influenza A, and they were less likely to have lower respiratory tract involvement than were those with RSV infection. The duration of hospitalization seemed to be equivalent for all 3 infections. Rapid virological diagnosis of RSV infection and influenza were available to clinicians, but diag- nosis of HCoV-NL63 infection was retrospective. Availability of rapid diagnosis has been shown to result in shorter hospital stay [7] . The HCoV-NL63 load in the nasopharynx is high during the first 1-2 days of symptoms and decreases in the next few days (figure 2). No correlation with disease severity was observed. These viral load data derived from cross-sectional data for a small cohort of patients and need to be further confirmed with sequential specimens. This pattern, with peak viral load around the onset of disease, is similar to that seen for influenza but different from that observed for SARS [16, 17] . The quantitative RT-PCR missed 1 of the patients with HCoV-NL63, suggesting that further optimization of the primer and probe sequence is required.
HCoV-OC43 was associated with exacerbation of asthma and pneumonia, as well as upper respiratory tract disease, in this study. In 1 study of 11 hospitalized US military recruits who only had evidence of coronavirus seroconversion, 36% had pneumonia [18] . Asthma exacerbation was found in 14% of children with HCoV-NL63 infection and in 11% of children with HCoV-OC43 infections in this study [19] .
HCoV-229E was repeatedly detected in 1 immunocompromised child over 3 months. Genetic analysis of a 305-bp region of the spike protein region of 229E revealed that these 3 specimens had identical genetic sequence (unpublished data). However, more contemporary HCoV-229E sequences from Hong Kong would be needed to conclude whether the sequence identity in these 3 specimens provided evidence of virus persistence rather than reinfection. Both reinfection with human coronavirus and prolonged shedding have been previously reported [14] .
A number of children with human coronavirus infection had other pathogens detected in the same clinical specimen. Multiple pathogens in the respiratory tract of patients with respiratory disease are being increasingly recognized [13] . It is difficult to establish whether these are true coinfections or whether one of the pathogens represents continued shedding from a previous infection. It was previously shown that human coronavirus was detectable by PCR in 0.4% of patients without symptoms of respiratory tract infection and that HCoV RNA could be detected by real-time RT-PCR up to 14 days after infection [12] . In patients with coinfection, the apparent association between influenza virus A with HCoV-NL63 and parainfluenza virus type 1 with HCoV-OC43 is likely due to the coincidence of the seasonality of these viruses.
In conclusion, we demonstrate that human coronaviruses contribute to hospitalization of children with respiratory disease and that the newly recognized HCoV-NL63 is at least as important as-if not more important than-HCoV-229E and HCoV-OC43 in this regard. We confirm earlier findings from The Netherlands [2] that there are at least 2 lineages of HCoV-NL63 and demonstrate that both variants may cocirculate in the tropics. A better understanding of human coronavirus epidemiology is of particular importance in view of potential interactions in pathogenesis and serodiagnosis of SARS.
